The role of coagulase in staplhylococcal infections is tincertain. It has been clemonstrated( 1) that coagulase-negative hemolytic staphylococci wllen treated witlh coagulase and injected intracerebrally into mice exlhibit a higlher degree of virulence than the same organisms without treatment with coagulase. Other workers(2,3) have also found an association of coagtulase with virulence. However, Kapral and co-workers(4-6) lhave induced a mutant, Staphylococcus aurcus strain 18ZD, from the parent S. aureus strain 18Z by uv irradiation. They have found that this mutant, altlhouglh it produces coagulase as its parent does, is unable to multiply in the organs of the reticuloendotlhelial system of mice and rabbits wlhile its parent possesses this ability. This work, as it stands, as well as the study of Alami and Kelly(7), have raised questions regarding the role of coagulase in staplhylococcal infections.
to ensure that no alteration occurred upon storage. The selections of staphvlococcal strainis was based on the nature of amplification of the observation, or point, that the experiment was (lesigne(i to supply.
Studies on' skin lesion produhction. Six-montlh-old, wlhite New Zealand male rabbits weighiing 2.7-3.5 kg were used. Man ometric stutdies. Cells for the Warburg experiments were harvested from cultures wlhiclh were at the same logaritlhmic stage of the growtlh cycle andl had been grown in tryptic soy broth at 37°. The cells were waslhed twice witlh distilled water, and a smootlh suspension was prepared by manual shaking for 5 min in a 125-ml Erlenmeyer flask containing 30 glass beads eaclh having a diameter of 5 mm. The suspension was adjusted witlh distilled water to 500 Klett units using filter No. 66 and contained 0.8-1.2 mg of cells ml dry weight. In a typical experiment, eaclh Warburg flask contained 1 ml of substrate, 0.5 ml of cell sus- Fractionationi of staphtylococci. Bacteria were suspended in the syntlhetic medliLim of Hancock an(d Park (12) and preincutbated on a slhaker at 370 for 30 min. A specified volLume of cells was added to 0.1 ,Ci of uniformly labeled l4C-alanine or 14C-glticose. After the indicated times of ex)osure, the suspension was immediately centrifuged at 40 andl washed with ice-cold sodlitum plhosphate buffer 0.1 M\1, pH 7.0. Then, the staphylococci were fractionzated according to tlle procedure of Park and Hancock (13) . Whenever 'Millipore filtration was employed all filters were presaturated witlh the corresponding unlabeled compound. In addition, the synthetic me(lium was sliglhtly modified by deleting the 12C-constituent (alanine or glucose) corresponding to the l4C-compound under investigation.
Eaclh experiment wvas repeated five times and the mean valuie or range of variation of these five trials was recorded.
RESULTS
Physiological reactions of staphylococcal strains. As a prelude to studies on the activities of the parent and mutant staphylococcal strains the physiological char-acteristics of S. aureus strain E33, E33V, 18Z, and 18ZD were determined. The diagnostic features of these strains are listed in Table 1 . The indicated biochemical reactions of strain 18Z and 18ZD were identical. Both strains fermented mannitol and dextrose, produced free and bound coagulase, hemolyzed human blood, were lysed by bacteriophages 52, 52A, 80, and 81 and were susceptible to ampicillin (Am 2 jig), aureomycin (AU 5 jg), chloramphenicol (CHL 5 ,ug), erythromycin (ER 2 jug), methicillin (ME 5 jig), neomycin (NE 5 ug), novobiocin (NO 5 Mltg), oleandomycin (OL 5 jug), oxacillin (OX 1 Mug), penicillin (PE 2 units), tetracycline (TE 5 Mg). As indicated by Kapral and Li(4) strain 18Z was sensitive to phage 42B. Our set of phages, purchased from Bell Products and Company (South Orange, NJ) did not include phage 42B. The mutant strain E33V differed from its parent strain E33 in its resistance to staphylococcal bacteriophages and its inability to ferment mannitol or produce free and bound coagulase. However, strain E33V also varied from its parent strain in its ability to hemolyze human blood and its resistance to aureomycin and tetracycline. Furthermore, supernatant fractions of aerated cultures of strain E33V contained a viscous material which was not found in culture supernatant fractions of strain E33. Figure la indicates that E33V possesses a larger capsule than that found in strain E33. No morphological differences were found between strain 18Z and 18ZD.
Studies on skin lesion production. An attempt was made to assay the ability of the above-mentioned strains to induce in rabbits staphylococcal skin lesions which constitute the prototype of staphylococcal infections. The results of these studies are summarized in Tables 2 and 3. Table 2 indicated that when the virulence of strain E33 and E33V was assayed i.d. in rabbits rather than, as previously, i.v. in mice(7) and the two sides of the same animal were employed in the assessment of virulence, the coagulase-positive strain E33 was able to produce pustular necrotic lesions in over 50% of the infected sides of animals with a dose of 50 Klett units (Approximately 8 X 106 CFU), while the coagulase-negative strain E33V failed to do so even when a dose of 350 Klett units was employed. Furthermore, as shown in Table 3 , the mean viable staphylococcal cell count in excised skin lesions of rabbits infected with strain E33 exceeded the cell count for strain E33V during the entire period of observation and with all the infective dosages tested. Table 4 and Fig. 2 . In both instances, strain 18Z grew more luxuriantly than strain 18ZD in the reticuloendotlhelial system as well as in tryptic soy broth. Similarly, strain 18Z generally grew to a greater density than strain 18ZD at the same sodium chloride concentration (Table 5 ). In contrast to the above strains the reported(7) virulent coagulase negative mutant E33V grew faster in tryptic soy broth and showed greater salt tolerance than its parent strain E33. To determine the ability of strains 18Z and 18ZD to grow at varying pH levels, the tryptic soy broth mediuim was initially adjustecl to varying hydrogen ion concentratioin. The restults of these experiments are listed in Table 6 . At pH values of 7 ancl 8, straiin 18Z was able to grow to a greater density than 18ZD. In the more acidic range of pH 6.0, strain 18ZD exhibited a much greater tolerance ancd was able to grow more lutxuriantly.
Oxygetn pibtake stuidies. The results of the manometric studies are given in Table 7 . Strain 18Z respired more actively than did strain 18ZD wlhen hluman serum, tryptic soy brotlh, sodiuLni pyrtUvate, and mannitol were used as substrates.
These resuLlts in(licate that the uv-light irradiation employed to produce the mutant straiin 18ZD lhas affected the overall metabolism of this strain. Uptake of nutrients by the uv induced coagulase-positive and negative staphylococcus aureus. Strains E33, E33V, 18Z, and 18ZD were suspended in 0.1 M sodium phosphate buffer pH 7.0 at a cellular concentration of 65, 222, and 406 jug dry weight per ml. After 30 min of preincubation at 370 on a shaker, the cells were added to 0.01 /ACi of 14C-alanine for 15 min. Total uptake of 14C-alanine was determined by assaying radioactivity within the cells isolated by Millipore filtration (Table 8 ). In conformity with the rapid growth and high respiratory activity, the rates of '14C-alanine uptake by strain E33V were much larger at all cell concentrations than those observed for strain E33. At 65 ug/ml E33V yielded 15580 cpm while E33 contained 5,950 cpm; at 222 jug/ml E33V registered 33,300 cpm while E33 produced 14,040 cpm (58% difference); and at a cell concentration of 406 jug/ml, E33V contained 46,340 cpm while E33 contained 16,770 cpm (64% difference).
Similarly the total amounts of radioactivity accumulated by the metabolically active strain 18Z were greater than those accumulated by the metabolically sluggish strain 18ZD. At a cell concentration of 65 jg/ml there was a 46% difference; experiments were performed at the cellular density of 222 ,ug/ml.
Antibiotics and nutrient macromolecular incorporation. Experiments were performed with penicillin, which inhibits the binding of the terminal alanyl group to the cell wall mucopeptide. The parent and mutant strains were suspended in the synthetic medium in the presence and absence of 165 units per ml of penicillin and incubated for 60 min on a rotary shaker at 37°. The bacteria were added to uniformly labeled 14C-alanine for 15 min, or uniformly labeled 14C-glucose for 2 min, centrifuged, washed, and fractionated. The action of penicillin on the residue fraction which contains the cell wall mucopeptide were recorded in Table  9 . When E33V was exposed only to radioactive alanine the residue fraction con- Apart from the prodIuctioni of any particular extracellular substance, it seems reasonable to suggest that the altered activity of mutants to take up various nutrients will be added factors to be considered. Thus, before a meaningful delineation of the role of coagulase in the pathogenicity of S. ainreuls is to be made one mtust either dliscover a mutant wlhiclh has fewer specifically and nonspecifically virulence-related (lifferences, or precisely calculate the participation of each specific and nonspecific factor in the total virulence of each system used.
Though the other two mutants used by other investigators(4-6), one lacking bound coagulase and( the other lacking soltible coagulase, were not tested in the present study, the same idleas preseintedl here in regard to strain 18ZD may also have relevance to tlhem. Before they are used for any comparison involving a single characteristic, their general physiological and metabolic characteristics should be delineatedl.
In previous studies(4-7), whliclh questioned the role of coagulase in staphylococcal infectioni, no (lifferenice, other than the (lifference in virulence, was reported between the parent and( mutant strains. The present investigation has eluciclated some differences between the strains. These consist of various physiological and metabolic characteristics which could conceivably influence the virulence of the organisms studied.
SUMMARY
An important clharacteristic of a useful mutanit is that its rate of growtlh be similar to that of the wild type. In vivo and in vitro experiments in this laboratory witlh a coagulase-positive mutant 18ZD of the virulent, coagulase-positive parent strain of Staphylococcuis aiireiis 18Z indicate that strain 18Z grows more luxuriantly in tryptic soy broth, as well as in the various organs of the reticuloendothelial system than does strain 18ZD. When manometric assays were performed, strain 18Z respired more actively than strain 18ZD with human serum, tryptic soy broth, maannitol, and pyruvic acid as substrates. In conformity with the rapid growtlh ancI high respiratory activity, the rate of 14C-alanine, or 14G glucose uptake by strain 1 8Z wAas significantly greater than that observed for strain 18ZD, botlh in the presence and absence of penicillin. These restults indicate that the Uv treatment used by Kapral and co-workers for the production of the mutant strain 18ZD has affected the overall growth pattern of this organism and may explain the reported observation that strain 18ZD multiplied in the RES at a rate approximately equal to that of the avirulent S. albuts despite its ability to produce coagulase. Similarly, varying rates of growth, enhanced capsulation, uptake of nutrients, anud alteredl ability to induce experimental furuncu-losis in rabbits were obtained for a previously reported virulent coagulase-negative mutant E33V and its parent strain E33 of S. aureus. Thus, these alterations induced by mutagens should be considered in assessing the role of coagulase in the evolution of staphylococcal infection.
